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5 &m&9f 



Lfctffe, A 1 G a I nN^iM^^IT'fcSGai I n ^3£J&# 

-C, ^1200 1-44 5 0 0t«(t t7 7^7SI±ts ± 9 *?«fcM g 

U*L*#fc* MgZnOlSm HffimTfCMOVPE (Metal 
Organic Vapor Phase Epitaxy) ^^«SM*Li9 tt5 ^ #t 

25 p^fc*V>tt*tt¥i*#&» (SIT, FintrinsicJ ©^^ffltt, r i 



2 



fct>V^) Mg'Z nO»»fl2*iO^**^V>|HB^*>5. 

b ^is^ts K-^i-a ifctiD ®rt^«^^i«*fcm^ms^ pi^^'i 

Mgl Zn, s O (fcfcU O^a^l) fflfcfcfcfcJ: 9«J«*t5 pS* 
25 **ffl1B«fcpffl^9y K«*tt«**fc»#**«*^ *cD±Ki»*i-6 



u 9»£rs*^«*wu tw^tio l9 cm-wi 

piMg.Zn^.OlWWi^t^^^^ 1 *^^ 5 ' 



^bT. ni«iWfinS^t!)Tlg[iilX 1 0 17 /cm 3 ^±l X 1 
0 20 /cmWfc5^«U\ *»nffl** X 1 0 17 /c 

m »5BreH:+#ftV- USttWasaft-f, 1 x 1 0 20 /cm 3 £3i;i3^ n 

nlF^^SSttlX lO'VcmHniX 10 2 VcmW^^ 

n S K ^ h *r&*T UfcM g a Z n x _ a OSSIjbil LT J&*T5 



• MITT 5 Ml MgZnOl^l«Wt#&t5p 
5 0. MWplH<[ii»g ! Zn 1 . a Olitt^r}:M, 

«3b*#M gZnOlK-^4CSJ:5^o^5ri^^ 
CuOMtSm Cu©-WGa|OI I IStcOTSi^I I 8! 



Eifc&JB^fc*^ ^T^i-fiJ^^fe§ 0 MOVPEfem j&ft*<Dg||t#EE 

5 WplMg a Z ni _ a Ol, ii^M?:10i/cm 3 «TiUfcp 
IMg,Zn 1 .,oSm^U5i^5, i^ISSlii(«tv^if 

MOVPESiaSpS^^yKIfcSV^ttl©^ lTorr (1. 

3xio 2 p a ) u±<Di£t>*^vtc^m%*x*ftte? ^tizxv , 0,m*<Dmm 

^**t5»*SrO a fc*»b-C»*Aix5t)©i:-r5) * s 1 T o r r (1. 
3Xl0 2 Pa) U±t-tZ><Dfr£\<\ 

m*. MBE&zm^tcm&. mmnzi <~i o- io to r r) *x*pm?9v 
is vmhz^teft&mvf&msnteioftzfcft^ lEMovpEft^tn*^ 

^Mg.Zn^.O (fc£U O^a^l) «feia!)i^^5p2^ 



- 1 tGnb-rz. pa^?y \tm*m&#x#m*+^'C'r-- A ' mx ' x ** 

0 2(4. H l ©»**^©»3txmttWH. 

04te. 03Wpi^7yFll:MOVPESiaWni^ 
H6tt, 0 5 ©M g . Z n 1 _, Ol»i%MO V P E^ia 5 

IS £ Hifei" 6 fc ft & <£> ff^fis 

tMi.ZnL.OfilftM (O^a^l :«T, MgZnOHEt = fc«t 
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tfnSi^^S' KJ13 2 0)felSlllffil©±Sffil^ Mg.Z n^.O (fc/cU 0^ 

10 Mf, ^S^24^«ffiftiJ (pl^y KJ13 4ffl!l) Ag (Aufc^VMi 

15 Mg^fty) it^c^OTI^I^S^i:*' 3 ^ #13 4, 3 3, 
3 2, 3 5 11 V^tbfe ctt^lflltJ** t>©T?*>*. Mg Z nOO^alut 

n!^7S'Kl3 2ll *£ttJ!3 3 KjSttS^S^^ftlft i 5 , n 

v Tmm&mm 1 x 1 o 1 v c m 3 ^± 1 x 1 o 20 c m 3 ^T©iiti 
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AK GaWInCliXli2i^ ^gggg^!^ 1 ggggglj]l£^ $T 
5 0 n ffl«ttttJi3 5©ff*r4 0. i M m«±10Mm#TT?*9. 
5 ffc3b**r#Sfc«>* Jt©'>-bffifitttl x 1 0 16 Q/cm 2 WTK:f^£tL6 o * 
fc, t»nI^!)7lll!lilX 1 0 17 /cm 3 ^±5 X 10 19 /cmWfe 
9. i»^5niK-^yhrolSf41X l0 17 /cm^l5XlO 19 / 

cm 3 WT-efc5 0 

10 In. Li©HK»2ttU:«imSW5. pffl^ir P T«*tt 1 x 1 
0 16 /cm 3 ^±8 X 10 18 /cm 3 ^ O 1 VcmMO 1 8 /cm 3 

iSttfflSib*. PTftate^^ttffli-Sfe©^ &;R4 0 0 nm~5 7 0 n 

15 mMW^^^ry^^-Eg (3. 10eV~2. 18eVi 

»fc#fe**lCttflt8»*^. 5 0 nm~5 0 Onmttffl 

ift/^mi'^W-Eg (2. 7 6eV~2. 48eVgH) tr^Tf^ 
h<D%m$l-rZ> 0 *^»»*fc«fflr5t>©tt, M28 0 nm~4 0 0n 

20 m|:t^W^K^r7/^-Eg (4. 4 3eV~3. lOeVg 

m+thteZo mZ-tt* ftft2 8 O nm-4 O 0 nm©*^**%tr4t>*5i 
25 Mfc^*n*/^K«^5t«mtt.»*^*-^tt°- l eV ~°- 3eV 
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^fcU—f—ftM-enO. 2 5eV~0. 5eVtgit6^ct:V\ - 
<D{m*, P iMg x Zn 1 . I Ol34, Mg y Z ni . y Ogttl33WnSM g! 

^w^^^v^T^i, m3^-rj;5^, p^7^Ki34+i^ M ga z 
zpmmitmmz a b^;?Hf £*vcv^ g ^iT^piwi3 4bi^u p 

mz- Y-XlsytfrltM g a Z n^.OiSWi 3 4a /^S^S ^^^^ 
10 g,Zn 1 ..OS»S3 4 a ^©pIK-/^ hig^Ttf X h P 

15 ft** 3 4b fc«t5Mg-,Z n ,..0®^*! 34a tt-i©»iIt«St 

±!BpffliMB»ris MgZn0^liIt)^t^lt5o MX, 
tti3 4b|j:pi^^ Kl3 4"fCtMg I Zn 1 .,Ol»fllW3 4 a £fe 

Slfcifcafcte^ttfnLT, ipl»134 b £&-TSMg.z n^.oMSIft; 

25 Lftv>S£©ll« (ttJM») -C^i-*^asfct)s Wl:tt2 0nm6iT© 
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3-5^»«T©*Bi: U ^fc«t«MgZnOl34a©l«20 nm 

_lie©«£ 5 * p mmmm 34b ©»i«jf»[tt»K:ifte*^* w* v ^- 

^5#Mg.Zn 1 ..OlWi3 4 a ©Jiff SriiulB Ufc^ffl^PSi - ^ - ^ 

«»Dt5:J:ia!)W5o Mit^nl«i3 5rt?rffi 
^^^K9©^ffl^^«ai^i^^^^ $ ^ 5 ° «^ S<t4S33©« 
»S*fCtt!>ffiS*b6. nI«i3 5i«l3 3^V^K^r7 

S£-frS 0 &V>T?, nS«i3 5, nl^yKi3 2,Stti3 3RtfpI 
»MOVP Efetb<ttMBEifelC-Cj«ftS*5 - * 3* 
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J^T, MOV P E^Of ^l-oV>tlfiiriT^ 9. 

frttfctt, N 2 0, NO. NO, CO. H.Ofcif. N 2 0 (£ 

10 Bfe<fc£*) ^ffi^tv^o 

• Znl^ : 5?*?vHEt& (DMZn) (DEZn) 
■Mgl^ = a«>^n^y^^/W^^^ (Cp 2 Mg) ft t\ 

15 ^r/H&if. . 

£fc. pIK-^y hJf^b fCI4^©J: 5 hX%Z> 0 
20 -si ag# * : * / ^ft if 5 3 f**-ffc*fc if° 

AK GaWInf^I I I M%m<D 1 2 SK±i*> V^*t? 

25 -^yf^i ttW©i5^ , b©^Wt5o 
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-Aim** - hy^^r^$ = ^^ (tmad ^yxw^^^A 

(TE A 1 ) &ifo 

. G aS^: hy^^^fy^A (TMG a ) N h y y ? A (TEG 

a) fc*f. 

5 • I nl^ : hy^^/W^v^^A (TM In) ;HlxfM^!?A (TE 
I n) 

p^K— yOhtX^X^m^m (Ga) ££t>l-^ (N) 

15 «fc 5 |cbt^J:V\ K-^b^t^ttt> AK GaMl nlcov^tli, p 

tfv^y^ (B 2 H 6 ) =SrfflV>5 rt^ftSo 
ilB©*^^*^^ yT^ (0!l;if«5Sf#*) KU:0»*fc#*U ^ 

20 ^5ti^I^^MO«iit^-7^ 7 n - n y (MFC) 
(MFC) fcXQMffl-fZo 

25 lfc#|R^-ffifl!!©^*ffi36s**«®i:U"CttlB**t5. l^l^ioT, £«10 
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^«©»4*»*t6fc»l!:2 5 0-3 5 0°C (***»«-Ctt3 5 0°C) 
*©«**Jkft, a*^^T?R!S*#rt«:«*^-C»^^^«r+^l-^-^^^ 

15 ©-^^^JftiOOAJIlJJSC^JiSrALEfe (Atomic Layer Epitaxy ± 0 ¥ 

LTfcjfci-*. ALEjfe-Cttaa#Jh««HiJ:OAAJK^»©**tt 
25 ^.(Ml^) ^,7ri««^^if»MO 
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, **D «rALE8teKiJ;0*«**Tt>J:v\ 
^y77ill^«Tttltf, niWI3 5, nI^5yKf3 2, 

5 ni^9j/ KI3 2Ji, i*»ff*tffaT 7 6 0 t o r r »T) KTtf. 

t Zn 1 .,Ol»i32©W^ (^JPWR^f^ + »*«^^) OW*&«r«t« 
t oo, -tliia^^t^o r.*U£J:«K ni«l3 5ii, Mg a Zn 

jf 3 4 tt. H 3 ^CMg.Zn^, OSifl«l 3 4 a p «feft*« 

5 3 4 b i*SStaitfct>Oi Ut**t5^ife5. 0411 pS^5yK 

^"Cfis MgZnOilI^©St^ NS1 i*5^It»IKh ^NSl it) 

/h* v^NSO t fc*/h««Wim J: 5 fctf 0 p SJIMfc** 

Mg Z nOAIi^^©**«!IWfc#*t5'J«»lll ««* : N 
20 A0=O) t> ^C</Miifll^f&t?>«*«^ («E*:NA1) fc^^i" 

pS»ft*l 3 4 b ftW^HS*5lSiKtt* Mg 1 Zn I .,oaift*l3 4 

25 a © jfcft sritttt ufc a* & p mmitvom 3 4b©Mt>^ "tarn * * s «t 5 s - 
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So 

5 Mg , Z n ...OSiW 3 4 a©^^Jh^fc^t, P ffllHb 

Mg s Zn 1 _ a OSMl34 a©*«*#Jt***:««-C. pS»i.3 4 

tfc, Mg 1 Zn 1 . a Ol»|3 4a©M^Sl pMK-^^b W*- 
ffGatN^») ia5K-^^5. piK-^f^itMg 
,Zn 1 _ 1 Oi»l3 4a«^ 

Z n a _ . Oi^ttl 34aiipl K*— > h K~ ^ * *L*i*3ft** 

fa*. H5Ki*tJ:5^ piK^yM^pS^,K134 (*>*^tt 
Mg t Zn 1 . ! OS»l34a) ^ilV^M K-tV^i 

(WT ^ § Y-t'lsymt^?) 34c^ Mg,Zn l .,Ol»ft«*3 4aO 

25 5jrK1344»oWpaM^M*»*^^* 5 ^ 
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13 



10 



15 



^•$bl«t'^o 5 K^y/|34ctt,Mg,Zn 1 .,Oli 
*5^j.|c j; ft*****. 1/20 K± 1/4 *H*»T * 6 J: 5 i-ist <5 n 

a*a* uv\ 1/20 #***»-ctt'< yf??** h-<Dnfrm&&*»*#*+ 

ftbteZ* i/4^»fciB*.*i:pfflK-^>'h©WlO*« s a*l^*'' J ^ 
ffitt, MgZn Ol 3 4a 1 0-5 0 0 £ t 

j*wc*>*. H6tt, *-^©-«**i-t<©^*>9, Mgz 

nO«^«^ NS1 fcft6*«*»lirk, *NS1 *9/hSV*NS0 fcfe 

s/hafi^wwi^s^^^^ow^ a****©***, nxi t 

25 5 K-tf^»3 4cKl*5rt6pfflK-/^b«©*flS^n7T>fA'* 



20 
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i34c *&atr *m\z* m b . z n , _ . on^^^ ^ * 

-CfcS. H6fc*5V^, NSO tNXO £ £ t t^ott5I i: «r£ 

*UV\, ^I^Mg a Zn 1 _ a OWbftl34a^5 K-^l3 4cfc 
^i-SRt-tt, pSK-/^h^^t^, MOVPESiaSMg.Z 
n x _ a OliftM 3 4a ©jfcft*- K«T, WriH ©JftW* * W«© A L 

10 iWfclfcttSM g . Z n ...Olittl 3 4 a ©*fc< k fc**© 1 ^1*AL 

15 n 1 . a OlMl3 4a^l««^, ^Mg a Zn 1 .,Ol» 
S 34 a( ^Lpl»|3 4 b 6>^«»tt»-^*^*- V^tf-MSB 

20 ^(D[R]±l-^ : -^i" ; 5o 

25 fc*5. SttJi3 3aUtpai^9yKJi3 4*rit«**6»Ett. «*^«*fetr» 
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Hftbft^ 7 6 0Torr (1. 0 1 X 1 0 5 P a Xt* 1 «f£) S**-C©ffi 

7 6 OTo r r£(K'^ 

flL*f % 7 6 OTo r rftiaiLSffiAfctl^rS^H:.**^***^^**®^ 
fil^^&^^&S^^kS ({flfctf. 7600Torr ((1. 01X1 

o 6 p axui oije) @ao <> 

20 Mi 3 3 11^ i^7=-;«t5 i H tt, i«p p p 

W£-rzzb#tZ*o pI^7yKl34fe5Wi?Sttl33^. 

25 &*5* BMM4;*f*W:O a ©»SJ&^ N 2 0, NO, N0 2 . CO, H 2 Otet*% 
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Hl^iU to^lBl^yf^ K9 fc«f *K J: ^JJU, Sfefc 

Elfc*«M3 «A.tfpitfl«ii:^LiO*t:»l«Lfc 
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m ?fc <r> ^ ffl 



1. ^Mg.Zn^O (fe«U 0S.Sl)aifl*Kt9i^ 

«t r> m^mmm®. * una n 9 ^ rs ««m ® i>-c«« * ^ 

5^^:, ^ni^^y KJi«)3telftW1S«©^*lfil2i, Mg a Z ni _ a O (fcfc 
U O^a^l) ffl«^*fcJ:9*JfcSiv ^oilEnl^yy KIJiOtnIK 

4. IIWBnaMSffttJi^nfflK-^^ X 1 0 17 /cm 3 ^±l X 1 

5 o 2 °/ c mWfc s - 1 t -r zm^mmm 3 mmm^m^tm^-o 

6. «rtBnSfiftftll4MOVPEfttJ:!>, ^StnaM^t 

z>n&v>&mm 1 lis 5 5»v^n^ 1 w^ta*©***^. 

7. tWnEnaMfi«a»tt, ft^ttfenfi K-/<^ hint 9 t>«^nS K-/< 
25 1 «*V^tI 5 Jl©l vf*^ 1 ^l-IBtt©^^;^^o 
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8 . m^v^mm 1 «*v^ lis 7 :gc wf ^ 1 «miE*©»3te*^©«3t*' 
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-34 (p-MgZn0^7yKJS) 



-34 (p-MgZnO^yKJS) 
^33 (i-MgZnO^tt®) 
.32 (n-MgZn0^7^K®) 
-35 (n ++ -MgZnOfl£}&#LJg) 
-11 (MgZnO/^y^rP) 

(XSl) 

-15(Ma«@) • 
-7 (SiStR) 

-22 (^M^S) 
-34 (p-MgZn0^7y KS) 
-33 (i-MgZnOSi4ii) 
_32 (n-MgZnO^S'KJi) 
-35 (n ++ -MgZnO'fS^feiji) 
-11 (MgZnO^yyrM) 

(XS2) 

-7 (Si*K) 



-33 (i-MgZnOS'l4Ji) 
.32 (n-MgZn0^7^KJS) 
-35 (n ++ -MgZnOiS®^®) 



•11 {UgZnO^yyrM) 



(XS3) 
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Z^yYM 34 



MgaZm-aOM 
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